The correlation between expression and prognosis of thyroid transcription factor-1 (TTF-1) and CD44v6 in undifferentiated lung carcinoma was investigated. There were 116 cases with large cell undifferentiated carcinoma in group A, 120 cases with small cell undifferentiated carcinoma in group B and 80 normal individuals from the same period in group C. The expression levels of TTF-1 and CD44v6 in the serum of group A, B and C and the cancer tissues and adjacent tissues of group A, B and C were detected using enzyme-linked immunosorbent assay (ELISA), and the levels in each group were compared. Pearson's test was used to analyze the correlation between TTF-1 and CD44v6 expression in serum of group A and group B and cancer tissues. Patients were divided into the survival group and the deceased group according to their 5-year survival. Multivariate logistic regression was applied to analyze the risk factors of mortality, and receiver operating characteristic curve (ROC) was used to analyze the diagnostic value of TTF-1 and CD44v6. The best cut-off values of TTF-1 and CD44v6 were divided into the high and low expression groups to observe the 5-year mortality of patients and the Kaplan-Meier (K-M) survival curve was drawn. Multivariate logistic regression was used to analyze the risk factors of mortality. The expression of CD44v6 in the serum of group A and group B was higher than that in group C, and that of group B was higher than that in group A (P<0.05). The expression of TTF-1 in serum of group A and group B was higher than that of group C, and the expression of TTF-1 in group A was higher than that in group B (P<0.05). The expression of TTF-1 and CD44v6 in group A and group B were significantly higher than those in adjacent tissues (P<0.05). The expression of TTF-1 in group A was higher than that in group B (P<0.05), and that of CD44v6 was lower than that in group B (P<0.05). The 5-year survival of patients showed that 209 patients died and 27 survived at 5 years; the survival rate was 11.44%. The course of disease, TNM stage, TTF-1 and CD44v6 were independent mortality factors for undifferentiated lung cancer.
Introduction
Lung cancer is the main cause of cancer-related mortality among males in developed and less developed countries (1) and is one of the malignant tumors that pose a great threat to human health. Especially with the increase of smoking, obesity and physical inactivity, the incidence rate of some low molecular lung cancer is increasing, and the incidence rate and mortality rate of lung cancer are on the rise (2) . The obscure symptoms in its early stage are often misdiagnosed as other respiratory diseases, resulting in a more serious condition when diagnosed. Undifferentiated lung carcinoma, a common type of lung cancer with poor differentiation of tumor cells, can be divided into small cell undifferentiated carcinoma and large cell undifferentiated carcinoma according to the histological morphology of tumor cells. Small cell undifferentiated carcinoma (small cell cancer) is the most malignant cancer, accounting for ~13-15% of the total lung cancer (3) , which mainly occurs in the large bronchus near the segmental bronchus, with its cancer cells having the characteristics of fast growth, rapid development, strong invasiveness, and easy migration to the brain, liver, adrenal gland, and bone. It is sensitive to radiotherapy and chemotherapy, but with a poor prognosis (4) . Whereas large cell undifferentiated carcinoma (large cell cancer) has larger cancer cells, lower incidence, higher malignant degree and poorer prognosis (5) .
It has been found that thyroid transcription factor-1 (TTF-1), as a member of NKx2 family of nucleoprotein transcription factors in the same region, plays a crucial role in lung development, cell growth and differentiation, and is one of the suppressor genes of lung adenocarcinoma. As a highly sensitive and specific molecular marker of lung adenocarcinoma, TTF-1 can help to differentiate lung adenocarcinoma (6, 7) . Hara et al (8) considered that TTF-1 was a favorable prognostic factor for lung adenocarcinoma. Matzke-Ogi et al (9) also considered that TTF-1 was overexpressed in 95% of primary lung adenocarcinoma, but TTF-1 was also a favorable prognostic factor for non-phosphorous non-small cell lung cancer patients. Although more attention has been paid to the study of TTF-1 in lung cancer in recent years, there are few studies on the expression and prognosis of TTF-1 in undifferentiated lung cancer. CD44, located in the short arm of chromosome 11, is mainly involved in heterotypic adhesion (10) , that is, the adhesion of tumor cells to host cells and host mechanisms, and promotes the invasion and metastasis of tumor cells (11) . CD44v6, a member of CD44 family having a close relationship with tumor cell invasion and metastasis (12) , has been found to play an important role in the occurrence, metastasis and prognosis of various malignant tumors in recent years (13) (14) (15) . Matzke-Ogi et al (9) found that elevated levels of CD44v6 in patients with metastatic pancreatic tumors were associated with shorter survival time. However, we still do not know the expression and prognosis of CD44v6 and TTF-1 in undifferentiated lung cancer.
The present study explored the correlation between expression and prognosis of TTF-1 and CD44v6 in undifferentiated lung cancer to provide reference and direction for clinical practice.
Patients and methods
General data. One hundred and sixteen patients with large cell cancer admitted to Penglai Traditional Chinese Medicine Hospital (Yantai, China), from june 2011 to February 2013 were collected as group A, 120 cases with small cell cancer as group B, and 80 normal individuals as group C. There were 66 males and 50 females in group A aged from 44 to 75 (61.5±10.4) years, 71 males and 49 females in group B aged from 43 to 78 years (62.1±10.6), 46 males and 34 females in group C aged from 45 to 78 years (61.8±10.6). This study was approved by the Medical Ethics Committee of Penglai Traditional Chinese Medicine Hospital and the patients were informed. Signed informed consents were obtained from the patients or their guardians. Inclusion criteria: i) The patients were pathologically diagnosed with undifferentiated lung cancer; ii) no radiotherapy or chemotherapy was performed before the surgery; iii) the clinical data were complete and the patients could be followed up by telephone. Exclusion criteria: i) Patients with suspicious pathology and mixed pathology; ii) patients with serious heart and lung function diseases and other diseases; iii) pregnant or lactating women.
Reagents and instruments.
CD44v6 protein ELISA test kit (Shanghai j&l Biotechnology Co., Ltd., jL19068); TTF-1 ELISA test kit (Shanghai LMAI Biology Co., Ltd., LM-TTF1-Hu).
Detection method. Five milliliters of sterile venous blood was collected at 7 a.m. the day after admission, and serum was immediately separated by centrifugation at 3,000 x g for 15 min at 4˚C, and anticoagulated with ethylenediaminetetraacetic acid (EDTA), and stored at -80˚C, and cancer tissues and adjacent tissues were collected from group A and group B. Concentration of the standard: TTF-1 dilution concentration: 8, 4, 2, 1 and 0.5 ng/ml; CD44v6 dilution concentration: 80, 40, 20, 10 and 5 ng/ml. Blank, standard and testing sample wells were set. Fifty microliters of standard with different concentrations was added to the standard wells, 50 µl of testing sample to the testing sample wells, and 100 µl of enzyme labeled antibody to all the wells. Then the reaction wells were sealed with a closure plate membrane, incubated for 60 min at 37˚C in a water bath or constant temperature box. Next, the liquid was discarded and dried with absorbent paper, and the washing buffer (350 µl) was added to each well for 1 min, then discarded and dried with absorbent paper. The plate was washed five times. Afterwards, 50 µl of each substrate A and B was added to each well, and incubated at 37˚C in the dark for 15 min. Fifty microliters of stop solution was added to each well, then the optical density (OD) value was measured at 450 nm wavelength within 15 min. A standard curve was drawn and a linear regression equation was obtained, and the OD value of the sample was substituted into the equation to calculate the concentration of the sample.
Outcome measures. Main outcome measures: The expression of TTF-1 and CD44v6 in the serum of groups A, B and C and the tissues of group A and group B were compared. The patients were followed up by telephone at 1, 3, 6, 12, 24, 36, 48 and 60 months after admission to record their 5-year survival and to divide them into the survival group and the deceased group. Then the expression of TTF-1 and CD44v6 in the two groups was compared and the mortality risk factors were analyzed by multivariate logistic regression.
Secondary outcome measures: Receiver operating characteristic (ROC) curve was used to analyze the diagnostic value of TTF-1 and CD44v6 and the best cut-off value in undifferentiated cancer mortality. The patients were divided into the high and low expression groups according to the values in order to observe the 5-year mortality and the Kaplan-Meier (K-M) survival curve was drawn.
Statistical analysis. SPSS 20.0 (Shanghai Cabit Information Technology Co., Ltd.) medical statistical analysis software was used to carry out statistical analysis on the collected data. GraphPad Prism 7 (Shenzhen Soft Head Technology Co., Ltd.) was used to draw figures. The enumeration data expressed as a rate (%) were analyzed using the Chi-squared test (denoted by χ 2 ). The Kolmogorov-Smirnov (K-S) test was used to analyze the data distribution, and the measurement data were expressed as the mean ± standard deviation (mean ± SD). The independent samples t-test was used for comparison of the normal distribution data between two groups (denoted by t), and one-way analysis of variance (ANOVA) was used for the comparison between multiple groups (denoted by F). LSD-t test was the post hoc test. Rank sum test was used for ranked data. Pearson's test was used to analyze the correlation between TTF-1 and CD44v6 expression in serum of group A and group B and cancer tissues. ROC was used for evaluation of the ability of TTF-1 and CD44v6 to diagnose undifferentiated cancer and mortality; K-M was used for 5-year survival analysis with log rank test, and Logistic regression analysis for multivariate analysis. P<0.05 was regarded as statistically significant.
Results
Basic information and clinical data of patients. Basic information and clinical data were compared in the three groups.There were 116 patients in group A, 66 males and 50 females, with an average age of 61.5±10.4 years, an average disease course of 3.52±1.64 years, an average body mass index (BMI) of 21.15±3.18 kg/m 2 , 43 with smoking history, 25 with history of alcohol abuse, 84 urban residents and 32 rural residents. Whereas, there were 120 patients in group B, 71 males and 49 females, with an average age of 62.1±10.6 years, an average disease course of 3.21±1.34 years, an average BMI of 22.08±3.47 kg/m 2 , 48 with smoking history, 24 with history of alcohol abuse, 87 urban residents and 33 rural residents. Group C consisted of 80 individuals, 46 males and 34 females with an average age of 61.8±10.6 years, an average BMI of 21.93±3.25 kg/m 2 , 27 with smoking history, 11 with history of alcohol abuse, 60 urban residents and 20 rural residents. There was no statistical difference in clinical data between the two groups (P>0.05) ( Table I) .
Expression of TTF-1 and CD44v6 in the serum of groups A, B and C and the tissues of groups A and B.
The results of enzyme linked immunosorbent assay (ELISA) showed that the expression of CD44v6 in the serum of group A and group B was higher than that in group C, and the expression in group B was higher than that in group A (P<0.05). TTF-1 expression in group A and group B was higher than that in group C, and the expression in group A was higher than that in group B (P<0.05) (Table II) . The expression of TTF-1 and CD44v6 in group A and group B was significantly higher than those in adjacent tissues (P<0.05) (Tables III and IV ). The expression of TTF-1 in group A was significantly higher than that in group B (P<0.05), and the expression of CD44v6 was significantly lower than that in group B (P<0.05), as shown in Table V .
Correlation between the expression of TTF-1 and CD44v6 in serum of groups A and B and cancer tissues. Pearson's correlation analysis showed that TTF-1 expression was positively correlated with TTF-1 expression in cancer tissues (r=0.701, P<0.001), and CD44v6 expression in serum was positively correlated with CD44v6 expression in cancer tissues (r=0.714, P<0.001). The expression of TTF-1 in serum of group B was positively correlated with the expression of TTF-1 in cancer tissues (r=0.660, P<0.001). The expression of CD44v6 in serum was positively correlated with the expression of CD44v6 in cancer tissues (r=0.767, P<0.001) ( Fig. 1) .
Diagnostic value of TTF-1 and CD44v6 in undifferentiated cancer. ROC curve of the expression of TTF-1 and CD44v6 in the serum of three groups of patients was plotted in order to analyze their diagnostic value in undifferentiated cancer. The results showed that the area under curve (AUC) and 95% confidence interval (CI) of TTF-1 were 0.852 and 0.812-0.893, respectively; those of CD44v6 were 0.840 and 0.797-0.883; and those of joint detection were 0.934 and 0.908-0.960, respectively (Table VI and Fig. 2 ).
Diagnostic value of TTF-1 and CD44v6 in large and small cell cancers. ROC curve analysis of TTF-1 and CD44v6 expression in group A and group B was plotted to analyze their diagnostic value in large and small cell cancers. The results showed that AUC and 95% CI of TTF-1 were 0.766 and 0.702-0.831, respectively; those of CD44v6 were 0.715 and 0.649-0.780, and those of joint detection curve were 0.820 and 0.766-0.875, respectively (Table VII and Fig. 3) .
Survival of patients. The 5-year survival of patients in group A
and group B were recorded. All the patients (n=236) were followed up successfully, 209 died and 27 survived at 5 years, with a survival rate of 11.44% (Fig. 4) .
Expression of TTF-1 and CD44v6 in deceased and survival groups.
The patients were divided into the survival group (n=27) and the deceased group (n=209) according to the 5-year survival of patients in group A and group B. ELISA showed that the expression of TTF-1 and CD44v6 in the serum of the deceased group were higher than that in the survival group (P<0.05), as shown in Table VIII . 
Diagnostic value of TTF-1 and CD44v6 in undifferentiated lung cancer mortality. ROC curve of the expression of
TTF-1 and CD44v6 in surviving and non-survivng patients was plotted to analyze their diagnostic value in undifferentiated lung cancer. The results showed that the AUC and 95% CI of TTF-1 were 0.866 and 0.820-0.912, respectively, those of CD44v6 were 0.746 and 0.684-0.808, and those of the joint detection were 0.897 and 0.857-0.936, respectively (Table IX and Fig. 5) .
Correlation between the expression of TTF-1 and CD44v6 and the 5-year survival of patients. The patients were divided into high and low expression groups according to the cut-off points of expression of TTF-1 and CD44v6 in undifferentiated lung cancer mortality. The K-M survival curve found that the survival in TTF-1 high expression group was significantly lower than that in the low expression group (P=0.0005), and the survival in the CD44v6 high expression group was significantly lower than that in the low expression group (P=0.0041) ( Figs. 6 and 7) .
Univariate analysis of survival. The clinical data of patients in the deceased and survival groups were collected for univariate analysis. It was found that there was no difference in sex, BMI, age, history of alcohol abuse and residence between the two groups (P>0.05). However, there was statistical difference in the course of disease, smoking history or TNM stage (P<0.05) (Table X) .
Multivariate analysis of survival. The indicators with differences in univariate analysis were included into an assignment (Table XI) . Then a multivariate logistic regression analysis (forward: LR) was carried out and showed that smoking history and distal metastasis were not independent risk factors of undifferentiated lung cancer mortality during the course of disease (OR, 0.349; 95% CI, 0.160-0.761), TNM stage (OR, 3.183; 95% CI, 1.514-6.695), TTF-1 (OR, 0.110; 95% CI, 0.050-0.242) and CD44v6 (OR, 0.262; 95% CI, 0.124-0.552) (Table XII) . TNM stage, TNM tumor staging system; TTF-1, thyroid transcription factor-1.
Discussion
Lung cancer is the leading cause of cancer mortality for human worldwide. The lack of specific and sensitive tools for early diagnosis and the inadequacy of targeted treatment have resulted in unsatisfactory treatment results (16) . The cause is still unclear, but study has shown that environmental pollution and long-term smoking are closely related to the occurrence of lung cancer (17) . Undifferentiated lung cancer, characterized by poor differentiation of tumor cells, high degree of malignancy, strong invasion and poor prognosis, is divided into large cell cancer and small cell cancer according to the histological morphology of tumor cells. TTF-1 plays an important role in the differentiation of lung epithelial cells in the early stage (18) , and is also crucial to the formation and structure of lung tissue. Ma et al (19) has found that TTF-1 expression in lung squamous cell carcinoma and lung adenocarcinoma is increased, but the specific mechanism of the increase is still unclear. Moreover, there are few studies on the correlation between expression and prognosis of TTF-1 in undifferentiated lung cancer. CD44 is an important cell surface adhesion molecule and is closely related to the invasion and metastasis of tumor cells. Studies have shown that the abnormal expression of CD44v6, a member of the CD44 family, has a close relationship with the occurrence, development, metastasis and prognosis of various tumor cells (9, (20) (21) (22) . Some scholars found that the activity of CD44/CD44v6 depends on the connection with integral membrane and cytosolic signaling molecules, protease and transcriptional regulation (23) , thus promoting tumor metastasis. However, it is still unclear whether CD44v6 can be used as a prognostic indicator for undifferentiated lung cancer.
In this study, we collected large differentiated cancer patients, small differentiated cancer patients and normal individuals. The expression of TTF-1 and CD44v6 in the serum of the three groups and patient tissues were detected by ELISA. It was found that the expression of TTF-1 and CD44v6 in the serum of undifferentiated cancer patients were higher than that in normal individuals, and the expression of TTF-1 and CD44v6 in cancer tissues was also higher than that in adjacent tissues. This is similar to the results by Perner et al (24) which showed TTF-1 was highly expressed in various lung cancer types, and also to the study by Tran et al (25) which suggested CD44v6 was highly expressed in squamous cell carcinoma. The expression of TTF-1 in large cell cancer patients was higher than that in small cell cancer patients, but the expression of CD44v6 was the opposite, with statistical differences, which indicates that TTF-1 and CD44v6 may be potential diagnostic indicators of undifferentiated cancer. In this study, it was found that the AUC of TTF-1 and CD44v6 was 0.852 and 0.840, respectively through the ROC curve for diagnosis of undifferentiated cancer. The joint curve of TTF-1 and CD44v6 was plotted, and the AUC was 0.934. When the cut-off point was less than 0.228, the optimal specificity and sensitivity were 81.70 and 96.25%, which were significantly better than the single detection. This study also found that the AUC of TTF-1 and CD44v6 was 0.766 and 0.715 through ROC curve for diagnosis of large and small cell cancers. The AUC of the joint curve was 0.820. When the cut-off point was less than 0.502, the optimal specificity and sensitivity were 81.70 and 96.25%, and the diagnosis of large and small cell cancers was also higher than that of single detection. Therefore, the expression of TTF-1 and CD44v6 can be diagnostic indicators of large and small cell cancers.
A follow-up survey was conducted on the survival of patients in group A and group B. In total 236 patients were followed up, 209 died and 27 survived at 5 years, with a survival rate of 11.44%. The patients were divided into groups according to their mortality conditions, and the diagnostic value of TTF-1 and CD44v6 in undifferentiated lung cancer mortality was predicted by ROC curve. AUC of TTF-1 was 0.848, and when the cutoff point was less than 163.312 the optimal specificity and sensitivity were 66.99 and 100.00%; the AUC of CD44v6 was 0.762, when the cutoff point was less than 199.417 the optimal specificity and sensitivity were 46.41 and 92.56%, respectively. Thus, the sensitivity and specificity of the two indicators were quite different when they were detected separately. Therefore, joint detection was carried out with an AUC of 0.897, and when the cutoff point was less than 0.914, the optimal specificity and sensitivity were 75.60 and 92.59%, respectively, indicating that joint detection can make up the defects between the two factors. The patients were divided into high and low expression groups according to the cut-off points of TTF-1 and CD44v6, and the K-M survival curve was plotted. It was found that the patients with high expression of TTF-1 and CD44v6 had significantly lower 5-year survival than the patients with low expression, similar to the result of Situ et al (26) that the survival rate of patients with high expression of CD44v6 in non-small cell cancer patients is lower than that of patients with low expression. Shinohara et al (27) also reported that the 5-year survival rate of CD44v6 overexpression in cancer tissues was lower by immunohistochemistry and that the prognosis of CD44v6 overexpression in serum by ELISA was worse, which further confirmed our view. This study also found that low expression of TTF-1 and CD44v6 were protective factors for patients' mortality through multivariate logistic regression analysis, which suggested that the expression of TTF-1 and CD44v6 can be used as predictors of 5-year mortality of patients with undifferentiated lung cancer, and the course of disease and TNM stage of patients were independent risk factors of undifferentiated lung cancer mortality. However, there are some limitations in this study. Correlation between TTF-1 and CD44v6 was not analyzed and the specific mechanism of TTF-1 and CD44v6 on the growth, proliferation and invasion of tumor cells was not studied. Therefore, the relationship between TTF-1 and CD44v6 and the occurrence mechanism need to be explored in later studies to verify the results of the present study.
In conclusion, the course of disease, TNM stage, TTF-1 and CD44v6 are independent mortality factors of undifferentiated lung cancer patients. TTF-1 and CD44v6 have certain diagnostic value in undifferentiated lung cancer and can be used as mortality predictors of undifferentiated lung cancer.
